The aim was to study the glycaemic control of type 2 diabetic patients, and to identify factors associated with unacceptable glycaemic control (defined as HbA 1c >8.0%). Methods: Analysis of data collected in a cross-sectional survey of type 2 diabetic patients in eight SingHealth Polyclinics in January 2009. HbA 1c value was measured on the day of the survey, while information on patient and diabetic characteristics was obtained through a questionnaire. Odds ratio of having unacceptable glycaemic control was estimated for selected variables using multiple logistic regression models.
Background
Type 2 diabetes mellitus is now a major chronic disease epidemic. An estimated 285 million people worldwide were affected in 2010 [1] , with 1.3 million deaths due to diabetes [2] . Type 2 diabetes mellitus causes significant mortality and morbidity [3] due to its long-term micro-vascular and macro-vascular complications, and these adverse outcomes are associated with poorer glycaemic control [4] . Each 1% reduction in updated mean HbA 1c has been shown to be associated with reduction in risk of 21% for deaths related to diabetes, 14% for myocardial infarction, and 37% for microvascular complications [5] . Despite clinical evidence of the beneficial effect of glycaemic control and the advances achieved in diabetes control and treatment, the management of type 2 diabetes mellitus remains challenging. Data from different regions of the world show that the majority of patients with type 2 diabetes mellitus are not controlled to the recommended HbA 1c level [6, 7] .
There is also increasing recognition that intensive (versus conventional) glucose lowering treatment has limited benefits on all-cause mortality and deaths from cardiovascular causes, and the harm associated with severe hypoglycemia might counter balance the potential benefit of intensive glucose lowering treatment [8] . This suggests that glucose-lowering regimens should be tailored to the individual patient.
With rapid urbanization development in the past few decades, Singapore has emerged a country with high prevalence of diabetes mellitus. From 2004 to 2010, the percentage of Singapore residents with diabetes aged 18 to 69 years old has increased from 8.2% to 11.3%. [9] . Diabetes was the 10th leading cause of death in 2009 and contributed to 1.7% of all deaths locally [10] . Using the Singapore Diabetes Mellitus Clinical Practice Guidelines [11] , the HbA 1c value has been classified into four categories, ideal: 4.5% to 6.4%; optimal: 6.5% to 7.0%; suboptimal: 7.1% to 8%; and unacceptable: >8%. In our study, we used the cut off value of >8% to identify patients with unacceptable glycaemic control.
In Singapore, the majority of patients with type 2 diabetes mellitus are treated in the primary health care setting. SingHealth Polyclinics is a group of 9 public primary care polyclinics serving the central and eastern parts of Singapore. In 2010, SingHealth Polyclinics had a total of 1.746 million medical patient attendances, 7.7% of these attendances were for diabetes mellitus, and we currently have 55,000 active patients in our diabetes database.
Information on glycaemic control of the patients in the polyclinics is of great value for planning diabetes management programs to prevent and delay the onset of chronic complications. The aim of our study was to 1) investigate the prevalence of suboptimal glycaemic control and 2) identify factors associated with unacceptable glycaemic control in type 2 diabetes mellitus patients treated and followed up in SingHealth polyclinics.
Methods

Study design
We conducted a cross-sectional survey in eight SingHealth Polyclinics, including Bedok, Bukit Merah, Geylang, Outram, Pasir Ris, Queenstown, Sengkang, and Tampines Polyclinics, which are located in the residential areas in Singapore. Results are from the analysis of data collected by third year medical students from Yong Loo Lin School of Medicine, National University of Singapore conducting a Community Health Project in January 2009. The study objectives were to study glycaemic control, as well as health-related quality of life of type 2 diabetic patients treated in SingHealth Polyclinics which was previously reported [12] .
Systematic sampling was used to recruit the participants. During the study period, recruiters were stationed at the clinical laboratory of the polyclinics, and all patients coming to the laboratory were approached. All type 2 diabetic patients above 21 years of age on followup at SingHealth Polyclinics who had the glycosylated haemoglobin (HbA 1c ) test on the day of survey as part of their routine 3-monthly visit, and who were able to communicate to give informed consent were identified. Every other eligible type 2 diabetic patient was invited to participate in the study.
An interviewer-administered questionnaire was conducted after written consent was obtained. Patients competent in the English, Chinese, or Malay were also given the option to self-administer the questionnaire survey. In the event that the patient was illiterate and was not able to communicate well with the interviewer, his or her caregiver would be the administrator. The patients were aware that they were free to terminate their participation at any point of time through the conduct of the survey. This study was approved by the Institutional Review Board of SingHealth Polyclinics.
Statistical analysis
All statistical analyses were conducted using SPSS version 17.0. The HbA 1c value was the dependent variable in data analyses. The value of HbA 1c was taken from the test result and is a continuous variable, and analysed as a binary outcome (greater than 8% vs less than/equal to 8%). All other variables were categorical data, for example, age was coded as three groups: <60 years old, 60-69 years old, and 70 years and above. The statistical analyses included both descriptive and association analyses. The descriptive analysis was conducted for demographic, socio-economic and diabetic disease characteristics. Association analysis of possible predictors for unacceptable glycaemic control was conducted in two steps. First, bivariate logistic regression was performed for each variable to examine unadjusted association with unacceptable HbA 1c control; second, variables which were identified to be significantly (p < 0.05) associated with the unacceptable HbA 1c control in the bivariate analysis were included in a multivariate logistic regression model for assessing adjusted effects of predictors on poor HbA 1c control. Age, gender and ethnicity were also included in this multivariate logistic regression model as independent variables.
Results
Patient recruitment
Using a systematic sampling method, a total of 699 subjects participated in our study, representing a response rate of 72.5%. Of this, 688 had valid HbA 1c values and were included in the final data analysis.
Distribution of HbA 1c level
The mean (±standard deviation) and median (range) HbA 1c level was 7.6% (±1.35) and 7.3% (5.0% to 14.0%), respectively. Using the Singapore Diabetes Mellitus Clinical Practice Guidelines 2006 [11] , 25.4% of the patients had an unacceptable HbA 1c level of >8%, 39.3% fell into the suboptimal category with HbA1c level of 7.1-8.0%, 22.8% had an optimal HbA1c level of 6.5-7.0%, and 12.2% of patients had an ideal HbA1c level of 4.5-6.5%.
Patient characteristics
Patient demographic characteristics are presented in Table 1 . Among the patients recruited, the mean age was 62.2 (±11.1) years old and 64% of the patients were 60 years of age and above. Slightly more than half the patients were female (56.0%). Majority of patients were Chinese (73.3%). The percentage of Indian patients was 11.6%, disproportionally higher than the national level of 9% [13], reflecting the higher prevalence of diabetes mellitus in the ethnic Indian group.
Patient socio-economic characteristics are presented in Table 2 . More than 90% of the patients lived in public Housing and Development Board (HDB) flats, which is higher than that of the national population which is 84% [14] . Of those who provided their household income information, more than one third had monthly household income below S$2000, but this information should be interpreted with caution as almost one third of the interviewees' household income was not reported. A substantial percentage of the patients (90%) had not obtained tertiary education.
Patient diabetic disease characteristics are presented in Table 3 . Three-quarters (74.6%) of the patients were overweight or obese. Oral hypoglycaemic medication was the predominant regimen with 92.7% of patients receiving this treatment. Most of the patients (88.7%) complied with diabetes treatment most or all of the time. The most common co-morbidities in these diabetic patients are hypertension and hypercholesterolemia. Complications reported in this group of patients were micro-vascular conditions, including peripheral neuropathy (24.0%), retinopathy (24.5%), and kidney disease (7.7%), as well as macro-vascular conditions, including ischemic heart disease (13.9%), stroke (7.9%), and peripheral vascular disease (5.7%). It is interesting to note that over 90% of the patients were satisfied with the clinic management and were confident in their doctor.
Bivariate logistic regression analysis
Associations between patient characteristics and unacceptable HbA 1c control (>8%) by logistic regression analyses are presented in Table 4 . The proportion of patients with unacceptable HbA 1c control was highest in the younger patient group (<60 years old) (36.6%) compared to the older patients groups (20.8% and 17.9%, respective). In bivariate logistic regression analysis, younger age is significantly associated with unacceptable HbA 1c control, with the OR being 0.45 and 0.38 respectively for the age bands of 60 to 69 years and 70 years and above, as compared to <60 years old. Within individual ethnic groups, a larger proportion of Malay (32.9%) and Indian (36.3%) diabetic patients had unacceptable HbA 1c control in comparison to Chinese diabetes patients (22.7%). The ORs (95% CI) of having unacceptable HbA 1c control for Malay and Indian versus Chinese patients were 1.68 (1.01 to 2.78) and 1.94 (1.18 to 3.20), respectively.
The proportion of patients with unacceptable HbA 1c control increased with the duration of diabetes in the studied patient population. The proportion was 22.2% in patients with less than 10 years of DM history, but increased to 29.4% in patients with 10 or more years of DM history. The OR of having unacceptable HbA 1c control for patients with ≥ 10 years of DM versus those had DM for <10 years was 1.47 (95% CI: 1.04 to 2.08).
Differences in the percentage of patients with unacceptable HbA 1c control in terms of different treatment regimens were observed with a higher rate in patients receiving insulin (53.4%) and lower in the patients who were not on insulin (22.1%). The risk was also significantly higher in the insulin patient group with OR of 4.03 (95% CI: 2.45 to 6.62), showing the treatment regimens corresponding to the severity of disease. Patient's compliance to medication treatment is critical in the management of diabetes mellitus. A large proportion of patients (54.3%) whose self-reported compliance to medication was less optimal had unacceptable HbA 1c control than patients (24.1%) who at least complied with medication treatment most of the time. The OR of having unacceptable HbA 1c control was 3.59 (95% CI: 1.80 to 7.51) for patients who had suboptimal compliance to medication as compared to patients who complied with medication treatment.
Obesity is a major risk factor for developing diabetes mellitus in adults. In the study population, more obese patients (30.0%) had unacceptable HbA 1c control compared to diabetes patients with normal BMI (20.7%) and the OR of unacceptable HbA 1c control for obesity versus normal weight was 2.25 (95% CI: 1.40-3.61).
Patients who were not married, living in smaller public housing flats (≤3 rooms), or carrying out self-glucose monitoring at home were also more likely to have unacceptable glycaemic control. Other factors, such as gender, smoking history, household income, education level, satisfaction with clinic and confidence on the doctor were not associated with unacceptable HbA 1c control.
Multivariate logistic regression analysis
Multivariate logistic regression analysis is presented in Table 4 . Statistically significant variables associated with unacceptable HbA 1c control identified from the bivariate logistic regression analyses and well known confounding Table 4 . In this analysis, statistical significance was observed for age older than 60 years old versus <60 years old (OR = 0.42 for 60-69 years [95% CI: 0.25 to 0.73] and 0.38 for ≥70 years [95% CI: 0.20 to 0.73]) , living in larger housing versus 1-3 room public housing (OR = 0.52, 95% CI: 0.33 to 0.80), ≥10 years of diabetes history versus <10 years of DM (OR = 1.73, 95% CI: 1.11 to 2.71) , presence versus absence of insulin treatment for diabetic control (OR = 2.68, 95% CI: 1.45 to 4.95), and poor versus good compliance to medication (OR = 3.72, 95% CI: 1.55 to 7.64). Not being married and obesity were borderline significantly associated with unacceptable glycaemic control.
Discussion
In our study, the mean HbA 1c level was 7.6% and the median HbA1c was 7.3%, and 25.4% of patients had an unacceptable HbA1c (>8%). This result is comparable with studies conducted in the US [15] where the mean HbA1c was 7.6% and 37.1% had HbA1c >8%, as well as in Australia [16] where 24.3% of patients had HbA1c equal or more than 8.0%. A study conducted in another local polyclinic in 2003 [7] observed a mean HbA 1c of 8.3%, while the Chronic disease management plan (CDMP) 2007 in Singapore showed that 31.1% of patients had HbA 1c >8% [17] .
Younger patients (<60 years old) in our study had poorer glycaemic control. In the literature, the evidence for the association between age and glycaemic control in type 2 diabetic patients is mixed. Some studies have found that glycaemic control is better in younger patients [18] , while others have shown no effect [19, 20] . Several studies in Singapore [7] , United States [21, 22] , Netherlands [6] and Germany [23] have similar findings with our study, which have also shown that younger patients have poorer glycaemic control.
Recent evidence suggests that early-onset type 2 diabetes mellitus is a more aggressive disease phenotype than the later-onset cohort, and these early-onset diabetics experience high complication burden [24] .
Health is a value, and to some it may not be the highest value [25] . Younger adult patients may be less motivated to manage their diabetic condition, as they may be busy with their job, and have less time to comply with a healthy lifestyle, medication and clinic visits. A patient with early diabetes prior to the onset of complications and asymptomatic, in whom the quality of life has not yet been affected, may not perceive the need for good diabetic control [12] .
In our study, we have also analyzed the characteristics peculiar to the younger group of diabetic patients that could have contributed to the poorer control. Younger adult diabetics were more likely to be employed, unmarried and better educated. Diabetics who were obese, smoking, less confident in their doctor, and less adherent to medication were also younger. This is of public health importance, and targeting their lifestyle and behavioural factors could be the key to better glycaemic control in this group of patients. Effective educational and behaviour modification programmes would be required to target younger diabetics, as this group with earlier disease onset may have a longer life expectancy relevant to prevention of complications. Evidence has shown that good glycaemic control may be beneficial especially earlier in the disease course [26] , and benefits emerge in the long term [27] . This phenomenon presents major governmental, societal, cultural, public health and medical challenges to promote healthy lifestyle in the early years and to administer timely optimized medical care to prevent or reduce the onset of complications in these diabetic patients.
Longer duration of diabetes was associated with poorer HbA 1c control. This observation is consistent with other studies [6, 21] . This reflects the natural progression of type 2 diabetes mellitus due to progressive pancreatic beta cell failure.
Patients using insulin in their treatment regimen had a higher rate of suboptimal glycaemic control (53.4%) compared to patients without insulin treatment (22.1%). This finding is consistent with other studies [7, 20, 24] . This observation is likely due to the fact that in the current guidelines, the indication for starting patients on insulin is when their diabetic control is not optimally controlled by oral medication, and hence these patients on insulin are patients with advanced diabetes where good glycaemic control is less likely to be achieved. Difficulty of maintaining glycaemic control while minimizing hypoglycemia, weight gain as an anabolic effect of insulin, and non-compliance with diet, can also contribute to poorer control with insulin.
Being unmarried, as well as obesity, were borderline significantly associated with unacceptable diabetic control. A stable life partner could potentially provide a strong social and emotional support for a patient with chronic disease like diabetes, to aid the patient in maintaining a healthy lifestyle and compliance to treatment. Obesity is also a well-known factor associated with poorer glycaemic control [28] .
Our study demonstrated that better self-reported compliance to medication treatment is associated with better HbA 1c control. This knowledge is beneficial for the healthcare provider and patients in diabetes management to encourage adherence to therapy.
The strengths of the study include: this study was the first large scale study conducted for type 2 diabetes patients who are treated and followed up in all SingHealth Polyclinics; patient recruitment was conducted in eight SingHealth Polyclinics with response rate of 72.5% which is reasonable for survey studies; the study population is representative of diabetes patients seeking medical treatment in the polyclinics; the study captured a broad range of data which provide an important insight into possible predictors associated with poor glycaemic control in diabetes patients in primary care. The limitations in this study include: firstly, the crosssectional study would not be able to establish causal-effect relationship of the significant factors identified. Secondly, all variables other than HbA 1c were based on self-reporting. There were no methods in place to verify the accuracy or reliability of the data collected through questionnaire survey.
Increased attention should be paid to patients who are younger, patients who have had longer diabetes history, patients who are on insulin therapy and patients who are less compliant to medication treatment. The challenge is to develop the most effective strategy to continually enhance diabetes management for our diabetic patients in primary care.
Conclusions
Treating type 2 diabetic patients to target is an ongoing challenge. Younger adult patients were found to have poorer glycaemic control, and hence targeted educational and behaviour modification programmes would be required to effectively manage this group of younger diabetics.
